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Previously, there has been no truly adequate method for studying the chromo-

somes of sea urchin eggs, even when sectioning procedures were utilized. With

classical methods, such as acetic orcein, carmine and the Feulgen techniques, the

cytoplasm stains rather intensely, which tends to obscure the chromosomes. More-

over, the chromosomes are very small and numerous. Consequently, the chromo-

some number and morphology have never been determined with certainty in

Arbacia punctulata and in many other marine invertebrates that have large, yolky

eggs.

The present paper describes a simple and relatively rapid procedure that has

been developed to examine the chromosomes and nuclear events of the early

cleavage divisions of unsectioned eggs by a selective staining of the chromatin.

With this method the chromosome number of A. piinctitlata has been established

and that of the sand dollar, Echinarachnius panna. closely approximated. Also

included is a description of the morphology of the chromosomes of the former

species. A preliminary report has been published previously (Auclair, 1964).

THE METHOD

Shedding of the eggs of both A. punctulata and E.
/><;;//;</

was induced by in-

jection of 0.5 ml. of 0.5 M KC1 solution into the peritoneal cavity (Harvey, 1956).

Dry sperm preparations were prepared by removing the testes and storing them at

4 C. in a dry stender dish.

For optimal results the fertilization membranes were removed. Exactly two

minutes following insemination, mercaptoethylgluconamide was dissolved in the

egg suspension to a final concentration of approximately 10~
3 M (Harris, 1961 ).

The loosened membranes were stripped off 15 minutes later by straining the eggs

through a 25-mesh silk cloth. To prepare the eggs for metaphase chromosome

spreads, colchicine was added about 20 minutes prior to the first cleavage division,

followed by hypotonic treatment in 50% sea water 5 minutes before fixation.

The eggs were fixed in 50% ethanol at 4 C. for a minimum of one-half hour.

Actually, any dehydrating agent, such as acetone, may be used. The specimens may

be stored in the fixative for several weeks without any apparent impairment of

staining quality.

For the staining procedure the fixative was decanted and replaced direct ly.
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without rinsing in distilled water, with a solution made by dissolving 0.1 gm. of

adenosine 5'-monophosphate (AMP) in 20 nil .17 Tris-maleate-NaOH

buffer at a pH of 5.0 to 5.5. A number of different phosphates were used at an

equivalent concentration, but the best results were obtaine< with organic phnsphates,

l)articularly AMP, that are not hydrolyzed to any extent by

To the buffer-organic phosphate mixture was slowly added 1 ml. of

The fine lead hydroxide precipitate that often appeared was removed by either filtra-

tion or centrifugation. The pH of the medium controls the speed of the reaction;

the lower the pH the more rapid is the reaction, but background cytoplasmic stain-

ing is also increased at low pi I. Incubation time has to be determined for each

species. For Arbacla eggs, the optimal time for exposure to the medium was 1

to 1] hours at 37 C., whereas for the sand dollar eggs, which are about twice as

large as Arbacia eggs, several hours were required.

The eggs were then rinsed thoroughly with several changes of distilled water

to remove excess lead ions, and then placed in 50' r ammonium sulfide for several

minutes. Following another rinsing the eggs were mounted in a water-soluble

mounting medium or squashed in distilled water, making spread preparations of the

chromosomes.

NATURE OF THE STAINING REACTION

The staining reaction is a modification of the Goniori phosphatase technique,

except that enzymatic activity is absent and only the nuclear structures are demon-

strated. No chromosome staining occurred if either the lead or organic phosphate

was absent. Any possibility of enzymatic hydrolysis was eliminated by the fact

that when inhibitors of S'-nucleotidase or acid phosphatase. 0.01 M XifClK. or

0.01 M NaF, respectively, were added to the lead-AMP solution, the staining in-

tensity was not reduced. The reaction, moreover, is not specific for polymerized

DNA. Digestion of the eggs in deoxyribonuclease (0.2 nig. per ml. of either 0.2 ,17

Tris-maleate or phosphate buffer at pH 7.2 for four hours at 37 C.) resulted

merelv in a slight weakening of the staining intensity.

Further insight into the staining mechanism is provided by the following ex-

periment. Ethanol-fixed eggs were placed for one hour (37 C.) in separate

solutions of 0.2 .17 Tris-maleate buffer at pH 5.0 containing either 0.05% Pb( NO,),

or 0.01 .17 AMP. Following a brief rinsing in distilled water, the lead-treated eggs

were placed in buffer-AMP medium, and the AMP-exposed eggs were trans-

ferred to the buffer-lead solution. Only those eggs first exposed to the lead and

then to the organic phosphate media gave a positive reaction. Inorganic phosphate

used in place of AMP gave negative results in every case.

On the basis of these tests it seems probable that the lead ions diffuse into the

partially dehydrated chromatin material and attach by ionic bondings to phosphate

and other negatively charged sites. Organic phosphates, such as

fuse inward and bind ionically with both lead and basic protein, thus anchoring the

lead and reducing its susceptibility to removal by subsequent rinses The sulfide

FIGURE 1. A general view of unsectioned Arbacia eggs in various stages of mitosis.

preparations may then be squashed to make chromosome spreads. Magnification, approximate!}

400 X.

FIGURE 2. Pre-metaphase chromosome spread of a colchicine-treated Arbacia egg in tin

first cleavage division. Oil immersion-phase contrast; magnification, approximately 2000 X
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ions then replace the phosphate groups from the lead ions, reMilting in the precipita-

tion and deposit of hlack lead sulfide at these sites Thus, the term "staining" is

not used in an exact sense, since no true dyeing pr

NUCLEAR AND CHROMOSOMAL ( >BSI i-

By this method the sequence of nuclear events from fertili/ation through <

first two cleavage divisions has been examined in unsecti<i!ir<i material,

ground staining tends to be greater in the cytoplasm prior to the formation of the

mitotic figure of the first cleavage division.

Syngamy and early prophase. The process of syngamy is revealed in striking

fashion. The chromatin of the male pronucleus undergoes marked condensation

into very densely staining structures as the two pronuclei come into contact (Fig. 3).

Then the male pronucleus flattens itself against the contour of the female pro-

nucleus and gradually the nuclei undergo fusion.

In early prophase the extended chromatid fibers may be seen coiling into

elongated chromosomes (Fig. 4). The chromosomes then gradually shorten until

they are 3 to 6 microns in length and 1 micron thick. During this shortening

process a centromere constriction develops at some point along the length of each

of the chromosomes ( Fig. 2) .

Chromosome morphology and nnmhcr. The pre-metaphase chromosomes, prior

to the appearance of any discernible lines of division, are relatively easy to analyze

(Fig. 2). Later the analysis is more difficult because each chromosome continues

to shorten as it divides (Fig. 5). Separation of the chromosomes is not uniform,

and there is no characteristic attachment point at the centromeres, as seen in many

mammalian preparations. The chromosomes lose the centromere constriction during

anaphase as they continue to shorten. Figure 1 demonstrates a number of stained,

unsectioned eggs in various stages of mitosis.

Repeated counts on over 200 pre-metaphase chromosome spreads of colchicine-

treated eggs during the first cleavage division make it certain that the diploid

chromosome number in Arbacia pitnctulata is 44. Moreover, in one experiment in

which 5% of the controls showed dispermic cleavage, an examination of the

chromosome spreads revealed about the same percentage of eggs that had 66

chromosomes. These triploid counts provide a further confirmation for the diploid

count of 44.

The karyotype. Chromosomal length and centromere position provided the

morphological criteria by which a karyotype (Fig. 6) was prepared from the

chromosome spread of Figure 2. Table I provides a specification
of the chromo-

some pairs into groups based on their morphological similarities

FIGUKK 3. Amphimixis in an un>ectioned egg of Arbacia pitnctulata. The smaller, more

condensed male pronucleus is coining into contact with the larger female pronucleus.

pronucleus then flattens over the female pronucleus surface and gradual fusion occurs,

fi cation, approximately 2000 X.

FIGURE 4. A partially squashed prophase preparation of an Arbacia egg, demonst

the coiling of the elongated chromatid threads. Oil immersion-phase contrast

approximately 2000 X.

FIGURE 5. Metaphase chromosome spread of a colchicine-treated

first cleavage division. The chromosomes do not split in synchrony and there is no attachment

at the centromere position. Oil immersion-phase contrast
; magnification, approximately 2000 >



174 \\ \LTER AUCLAIR

1

8 10 11 12 13 14

15 16 17 IS 19 20 21 22
6

FIGURE 6. Karyotype obtained from the pre-metaphase chromosome spread preparation of

Figure 2. Total magnification of the chromosomes, approximately 4000 X.

Echinarachnius pan/ut. The chromosomes of the egg of the sand dollar also

were examined by this method. These 1 much larger eggs are more difficult to study

because of the wide area ot dispersion of the chromosomes in the cytoplasm in spread

preparations, ('omits gave either 44 or 46 chromosomes for the diploid number.

The chromosomes of the sand dollar are somewhat larger than those of the sea

urchin, and the centromere position tends to he more medial. An unequivocal

karyotype still cannot be determined with any accuracy.

Karyotype oj
-
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Disci -

A number of widely differing values have been estimated as the chromosome
number of Arbacia f>nnchtlata. These vary from as low as 32 (Harvey, 1940) to

as high as 40 (Tennent, 1912). Jn a discussion of these results, Harvey (1956,

p. 102) concludes that most sea urchins, including A. pitnclulata, have 3o t<> .>X

chromosomes, in agreement with the number reported by Matsui (1924). Halt/rr

(1910), however, found 40 chromosomes in a related species, A. H.vnla. It is ;

])ortant to realize that in all these early studies the chromosome counts were made

on sectioned material, which introduces many difficulties and uncertainties.

More recent studies indicate a higher chromosome number, namely 42 to 44.

Nishikawa (1961), on the basis of examining the meiotic divisions of spermatogonia,

found a haploicl number of 21, or a diploid value of 42, for two species of Japanese
sea urchins, Hcmicentrotus pulcherrimus and Anthocidaris crassispina. The num-

ber. 44, reported in the present study, has also been confirmed recently by German

(1964), who examined the chromosomes of A. pitnclitlata in the blastula stage

blastomeres by the standard acetic orcein squash technique. German described

attenuation at the kinetochore region of the metaphase chromosomes, so that it is

likely that the lack of centromere attachment in the present work is due to the new

technique and is not characteristic of sea urchin chromosomes.

It may be that most echinoderms have a similar chromosome number and do not

vary as widely as shown in the summary compiled by Makino
(
1951 ). One reason

for this assumption is the chromosome number of E. panna, found in the present

work to be 44 or 46, which is more in line with that found in Arbacia, and varies

considerably from the earlier value of 52 determined by Matsui (1924).

The method here reported should prove useful to workers dealing with physical

studies on marine eggs, especially Arbacia, during the early cleavage divisions.

It makes it possible to determine, without sectioning the eggs, the degree of

synchrony and the exact stage of mitosis (Fig. 1
) at the time of an experimental

treatment.

SUMMARY

A method has been developed to stain the chromosomes and nuclei of unsectioned

sea urchin and sand dollar eggs during the early cleavage divisions. The chromo-

some number of Arbacia f'nnctulata is 44. and a karyotype of the pre-metaphase

chromosomes of the first cleavage division has been made. The chromosome

number of Echinarachnius panna is 44-46 and no karyotypc has as yet been made.
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